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CHAPTER I 
ACT LANGUAGE 



A. Types of words. 

ACT language consists of words of five characters or less, 
each word followed toy a conditional stop code ( f ). 

These words may represent operations, variables, constants or 
statement numbers, 

A.l, Constants 

Positive num erical constants may be inserted directly in ACT- 
language %n any~"bf three forms, as follows: 

a) Integers of five digits or less. These occupy one word. 

b) Integers of more than five digits. These occupy two words; 
the first must consist of a + followed hy one to four digits, and 
the seoond word must be one to five numeric digits. The largest 
integer the system can handle is 536, 870 ,§11. 

c) Floating point constants occupy four words. If we write 
any number y in the form 

n 

y »= a x 10 , 



where 0„l<a^l.0 
and - 32 ^.n <*3l 

then this constant in ACT language is represented as follows. The 
first word consists of a decimal point followed by the first one to 
four digits of a. The second word contains the remaining digits of 
a (0 - 5). The third word is "©" if n^O. The fourth word contains 
the absolute value of n as a one or two digit integer.. Note that, 
although as many as nine digits may be given for a, the internal form 
of floating point numbers is such that they are rounded to the 24th 
binary bit, or roughly 3 in the 8th significant digit. 

Table I contains some examples of ACT language constants, with 
their translation. Note that the word 0' represents both an integer 
and a floating point zero. Note also: ~.9999*99999"e'o» will give 
a more accurate representation of 1,0 than .l^e'l*. 

TABLE I 
ACT-language Translation 

1* 1 (integer) 

°* (integer or floating point) 

56789 « 56769 (integer) 

+1» 23456* 123456 (integer) 

+123 » 456 » 123456 (integer) 

*123» • 133 (integer) 

+123*000' 123000 (integer) 

+7000* 00000' error type 3 

•l"e»l» 0.1 x 10 « 1 (fl. pt.) 

.l"e'0' , * 0.1 (fl.pt.) 

•V'«-'V - 0.01 (fl.pt.) 

.1234*5.0*e'l* = 1.23456 (fl. Pt.) 



ACT - Language Translation 

i»UU> error ! ype ?* 

ol e ** error typo 3. 



A. 2 Statement numbers. 

. ., A, * tatement number is a single word, consisting of the letter s 
followed by an integer. Only statement numbers less than 192 are allowed. 

tw ™Lt CT laH f ua f° Program is divided into segments sailed statements. 
For example, a single equation will normally occupy a statement. The 
end of a statement is signalled by a blank word ( a conditional stop with 
no preceding characters). A statement number occurring as the first word 
of a statement causes this statement to be assigned the given number. A 
statement number occurring at any other position in a statement is inter- 
preted as a reference to the statement so identified. A second blank wo rd 
being^oom iled a stataBieat is interpreted as the physical end of the program 

A. 3 Operations 

An - ™* words li f! ed *» Tatole « IV -VIII are operations in the standard 
ACa III system. It must be emphasized here that this is not an inflexible 
i ! «\ I "5*, * augmented or diminished as desired. This is discussed in 
detail in Volume 2 of the present manual. The individual operations are 
discussed more fully elsewhere; they may be classified roughly as arith- 
metic, input-output, functions, logical, bookkeeping, and machine opera- 
aJS ?; T J ?" Present purposes, it will suffice to note that the standard 
ACT III tables regard all the words of Tables III - VIII as operations: 
if a given subroutine implementing it has not been included, its use 
causes an error indication (type 8). A statement must contain at least 
one operation; otherwise, it will produce no instructions in the machine 
language program. »«v***«*j 

A„4 Machine Language Operations 

t« ^di^rfli ?* 10 *!!« P r4 f* ril y an algebraic compiler, provision is made 
3?+S e 1? a y? bolic raae&ine language for the convenience of users familiar 
with machine language who desire to perform special operations not other- 
wise available Table VIII lists the machine language^ operation codes 
available. This include® all the codes except " P » and " i«: basic input 

I J J 1 * P°*» ibl « to incorporate library subroutines already available 
in machine language. This procedure is described in Volume 2. 



A„5 Bemark® / 

Remark® may be included in anAcT III source program in the following 
form. The remark must contai n at/least J characters: the sixth from the 
las t character must he one of the letters 2, b, y, r, i, d, m, n, p, e, 
u, t, h, c, a, s. (The "command" letters). The remark must he the first 
"word" in a statement (or it may follow the statement number) and is 
followed by a single conditional stop. In counting characters for the 
above purpose , do not count carriage return, upper and lower case, color 
shift „ backspace. "Tab" counts as a character usually; it is wise to 
avoid using it in this context. 

B. Errors in ACT- language programs. ; 

This manual contains a number of rules which constitute the syntax 
of AC T- language . Some of these rules have heen stated above; others will 
be found in connection with the treatment of special topics of ACT- 
grammar. If one of these rules of syntax is violated, an error indication 
is given, consisting of a carriage return, the letter w e", a space, and a 
digit giving the error type. These types are summarized in Table II, and 
are discussed in greater detail at the appropriate place in the text. 

After such a display, the computer will stop. In all cases except 
the type 7 error at the end of a program, and type 2 indication, it is 
possible to correct the statement being processed and reprocess it by 
pressing "start". 



WABLS II 

2RH0RS AT COMPILE TIME 



TYPE 

1 

1 

2* 

3 



5 
6 

4 

7 

T» 

8 

8 
8 

9 



WEANING _ 

Syrabol table full (sax,, 126} 
Too mmy constants (isax. 83) 
Storage exceeded 
Incorrect constant 

Improper use of "enter", 
"end'* s or "exit" 

Invalid "bracket count 

Statement too large 



Too nany arguments in an 
"iter" etatensnt 

Statement nuraber 191 



Undefined statement 
6-bit button up 

Invalid subscript 



Operation Coda not included in 
this package 



REMEDY 

Put SOI36 variables into regions „ 

Head in soae as data 

See Chapter VI 

Correct tap© and restart at 
beginning of statement 



Invalid operand 



Segment statement and restart 
at beginning of statement 

Correct tape and restart at 
beginning of statement 

Correct tape and r®st&rt at 
beginning of statement 

Correct tape and reoosapilo 

Restart at beginning of state- 
ment 

Correct tape and restart at 

beginning of statement 

Correct tape and restart at 
beginning of statement or 
recompile using correct T-tape 

Correct tape and restart at 
beginning of ' statement 



See Supplement for special error displays 



table hi 
arithmetic opebations 



Code 



Pre©. 



* p 

1l 





X a A • 


II-C.l. 


P-0 


+ 


1 


X * JT « Hi » 


II— C. 2 


P-1 


- 


1 


x a r * cb • 


II— C.2 . 


p-1 


X 


2 


a *r«s 


II-C2, 


p-1 


/ 

aba 


2 
3 


SET * cl * 


II-C.2. 

IV-E 
II—C .2 » 


p-1 
p-1 


!«• 


1 


* « A * s* * 


II-C.3. 


P~0 


i- 


1 


A 9 tT « 3 • 


II-C3* 


P-0 


ix 


2 


X o 3T *3- » 


II-C.3, 


P-2 


1/ 


2 


* is * * ft * 


II-C.3. 


P-2 


nx 


2 


X o 4 »■ ft (» 


II-C.3. 


P-0 


labs 


3 


r»a. 


II— G, 3» 


P-0 


prev 


3 


a, 


II-C.l. 


P-0 


flo 


3 


X « 3T*b & • 


II-C.4 


P-2 


unflo 


3 


X « A & Gft 9 


II-C.4. 


P-2 


fix 


3 


X e 3r * at « 


II—C .4. 


P-2 


xlOp 


3 


l'*;r#a*. 


II-C.4. 


P-2 


pwr 


3 


x»r«a« 


II-G.2* 


PELL 



ipwr 



X * a »£* « 



I J*»C « 3 « 



Pw-2 



Error 
Type Meaning 

fl.pt. overflow 

fl.pt. overflow 

fl.pt. overflow 

fl.pt. overflow 
rt. operand zero 



1 

1 

1 

1 
2 



3 
3 



1 

3 

3 

1 

1 
2 



integer overflow 

rt . operand zero 
(usually) 



fl.pt. overflow 

integer overflow 

integer overflow 

fl.pt. overflow 

fl.pt. overflow 
left operand meg . ; 
or, left op. zero 
and rt. op. neg. 



left op. zero, and 
right op. neg. 



TABLE IV 
LOGIC OPERATIONS 



Code 



Reference 



use 

trn 

iter 

if 

aeg 

zero 

pos 

stop 

ret 

set 

to 

bkp4 

bkp8 

bkpl6 

blcp32 

oflow 

go to 



IV - A 
IV - A 
IV - D 
IV - B 
IV - B 
IV - B 
IV - B 
IV - P 

iv - c.i. 

IV - C,2. 
IV - C.2. 
IV - B 
IV ~ E 
IV - E 
IV - E 
IV - E 
IV - 0.1. 



P - 

ii 



n 

R 



TABLE V 
INPUT - OUTPUT OPERATIONS 



Code 


Operand® 


rdflo 


X • I*» 


read 


* 9 a* 


priat 


l.r. 


dpr-i 


X a JT* 


iread 


r.&» 


iprt 


l,r. 


puaoh 


r. 


ipcfa 


r, 


aread 


JT«cL a 


aprt 


r. 


cr 




tab 




daprt 




reprt 




rdsit 


r„ 


vehex 


r«a. 


faspcfe 


r. 



Refereaoe 


Package 


V - A. 3. 


P-2 


V - A. 2. 


P-l 


V - B„2„ 


P~l 


V - Bi.3. 


P-l 


V - A.l. 


P-0 


V - B.3L. 


P-0 


V - B.4. 


P-l 


V - B.4, 


P-0 


V - c 


P-0 


v - c 


P-0 




P-0 




P-0 


V - D 


P-0 


V - D 


P-0 


V - A. 4. 


p-o 


V - B.5. 


P-0 


V - B,5, 


P-0 



Error 



l("flo») fl.pt. overflow 
1 fl.pt, overflow 



3 



more than 7 

digits 



Code 



eo, 



sqrt 


3 


la 


3 


log 


3 


eaEp 


3 


sin 


3 


cos 


3 


artan 


3 


randsa 


3 





TABLE ¥1 










FUNCTIONS 








Operands 


Reference 


Package 


Ism 


Error 

Meaning 


r.a. 


IX - B 


SQST 


2 


arg. negative 


r.a. 


IX - C 


PELL 


2 


arg. aeg. or zero 


r.a. 


IX - C 


PELL 


2 


airg* aeg. or zero 


r.a. 


IX - c 


PELL 


1 


fl.pt. overflow 


r.a. 
r«a. 


IX - D 

IX - D 


fEIG 
TRIG 


2 
it 


arg. large j ana. 
has no significance 

n 


r.a. 


IX - s 


ARTAH 






a. 


IX - P 


P-l 







TABLE VII 
MISCELLANEOUS OPERATIONS 



TABLE VIII 

MACHINE OPERATIONS 



Code 

index 

dbiad 

dim 

call 

arg 

eater 

exit 

end 

trae® 

wait 



III - c 
III - D 

III - A 

¥11 - B 
VII ~ B 
VII - A 
VII » A 
VII - A 
VII - 

vii - a 



SMsMm 
p-o 

P-0 

p-o 

■P»2 
P»2 
P-2 
P~2 
P-0 



Co.de 

bring 

add 

siafotr 

sntlt 

affinal t 

dlv 

extrt 

hold 

clear 

stadd 



b 



m 
n 
d 
e 
h 
c 
7 







TABLE IX 








COBgs for "area'd" 




SYMBOL 


COBS 


SYMBOL 


CODE 


)o 


04 


Aa 


72 


LI 


01 


Bb 


Of 


*2 


■ 14 


Go 


6f 


i»3 


1-j 


Dd 


2f 


&4 


24 


Ee 


4f 


%5 


Z3 


Ff 


54 


#6 


34 


Gg 


5J 


$7 


3j 


Hh 


62 


£s 


44 


■ 11 


22 


9 


. 43 


^ 


64 


Space 


06 


Kt 


6J 


-" 


Oa 


Ll : 


Oj 


"* 


16 


Mm 


3f 


• $ 


la 


Nn 


32 


?/ 


26 


Oo 


46 


3* 


2a 


Pp 


42 


£» 


<- 36 


Qq 


74 


TAB 


30 


Er 


If 


Lower C&s© 


08 


Sg 


7f 


Upper Gs^se 


10 


Tt 


5f 


Color Shift 


i? 


Uu 


52 


Carr, Set. 


20 


Vv 


3a 


Back Space 


28 


Fw 


*J 


» 


40 


£* 


:j 






Yy 


12 






ZS5 


02 



3 



X 

/ 

print 
dprt 

read 

i+ 
i- 

ix 

1/ 

nx 

ipwr 

xlOp 

use 

iter 

iread 

Krt 
8 

labs 

punch 

ipoh 

aread 

aprt 

if 

aeg 

zero 

pos 

prev 

or 

tab 
flo 

rdflo 

tenflo 

fix 

index 

dbind 

dim 

Itprt 

reprt 

stop 

ret 



Preo. 



-0 
1 
1 
2 
2 





1 
1 
2 
2 
2 
3 
3 

* 



3 
3 








3 



3 



3 
* 



* 





a': r b* 
a»-5-«b r 
a'~*b* 
a'x'b* 
a f /*b s 
i * print ' 



i*dprt»a» 



read 



a 



a 



a 



i+ 
i- 



Sumaary of Operation Codes »Mean® precedence does not 

apply. 

jEf.se , Comments 

left bracket (maximum bracket depth « 7) 

right bracket 

value of a substituted into b (a unchanged) 

floating point addition 

floating point {subtraction 

floating point multiplication 

floating point division 

(i =100o + s) print a as fl.pt. no. in field 

e columns wide, rounded to s significant figures 

i *4 X ?2° + s ' print a ( fl -PtJ a s decimal number 

in field c columns wide with © fractional digits 

read fl„ pt. number and store In a * 

integer addition 

integer subtraction 

integer multiplication 

integer division 

fast integer mult, handles large numb, incorreotlj 

a raised to the b»th power (integer) 

a (fl. pt.) times 10 to the b'th power (b is intes) 

transfer control to statement no. 1 

increase i (integers) by j (pos.) and transfer 
to si if the new value of i is not greater than k 
read integer and store in a 

(i = 100c) print a(integer) in field c columns wd. 
take absolute value of a (fl, pt.) 
take absolute value of a (integer) 
punch a (fl.pt.) in format with oond. stops for rd, 
punch a (integer)with cond. stop for reloading 
read one word in special alphabetic form into a 
print a as alphabetic information 

™f l !pff y a * fla ??;) or integer) as negative, zero, 
or positive (but not zero) and transfer 

if*a'neff«sl»zero's2«t»os^3^ e la i icate J statement in each case, 
orev*x?f* Ze !lf !!!!? «*•■«* f*?te, if none indicated 



b» 

b» 
., b» 
1/ 
nx 

ipwr'b* 
xlOp'b 8 
use 8 si* 
iter*i«j'k»sl* 

iread* a* 

i'iprt'a* 

abs*a* 

iabs*a* 

punch* a » 

ipeh'a* . 

aread*a* 

aprt.* a* 

if 'a'neg'sl'* __„_„ 

i f * a ' neg * s 1 » zer o **s*2 » 

if •a , zero , sl*pos , s2* * 



prev*x , a* 



or* 

tab* 

a*flo«b« 



a*rdflo»b« 
3 a'wnflo'b* 



saves result of previous statement for use as an 
operand. Must be first operation executed in state- 
menu. Execute a carriage return 
execute a tab 

convert b (integer) to fl.pt. counting last a digit 
as fractional (b unchanged) g 

read integer, convert it to a fl. pt. number, 
counting last a digits as fractional & store in b. 
convert b (fl.Pt.) to integer, moving decimal poinl 
a Places to right (b unchanged) rounded 
ditto, but fractional digits dropped without round., 
set up 1, j for use as subscripts (mas. 30) 

din» a *fo»b»«inM Up 1 iJ tor nse as dou1l >le subscripts 

dim a |0»b*50 'Reserve 10 sequential locations for a region 50 

■a *. **■ « .. b r egicn, etc. 

daprt»s't*o'p*pVint alphabetic information as given in source 

n«reDrfor4" iSSf J" f e J special list for control characters 

bW?. Print the indicated character or control n times 

M+^nin-.f.i'ftfP* continue 12 "start? 1 pressed 

ret;s20'use*sll" transfer to sll after storing a return 

address in s20, which must read s20'go to*sO" 



a»fix»b» 
index* i* j 
dbind*i'j»* 



» » 




bkp4 

*3kp8 
bkpl6 
bkp32 
oflow 

rfihex 
enter 



exit 

end 

call 
arg 

wait 



hxpeh 

bring 

add 

subtr 

mult 

nmult 

div 

extrt 

hold 

clear 

stadd 




3 
3 
3 
3 
3 
3 
3 
3 
3 













see 

* 

51 



ira*sl* s 

8qrt«a' 

ln'a* 

log'a 1 

exp'a* 

a'pwr'b' 

sin* a* 

cos'a* 

artaa*a* 

randm* 

set's20«to 8 sll' 



transfer control to si if accumulator negative 
obtain square root of a (fl. pt.) 
obtain natural logarithm of a (fl. pt.) 
obtain common logarithm of a (fl. pt.) 
obtain the value of e raised to the ath power (f.pt 
a raised to the b»th power (fl. pt.) 
obtain the sine of a (a fl.pt. in radians) 
obtain the cosine of a (a fl.pt. in radians) 
obtain the angle whose tangent is a (fl.pt) radians 
generates a fl.pt. pseudo random no. between andl 
statement 20 , which must have the form s20*go to 
»s0" is made to read use *sll» 
















b!rp4*use f s20«* On machine® equipped with the overflow logio modifi 
Cation only j control is transferred to s20 if indi- 
cated breakpoint switch is down (on), otherwise to 
next statement 

of low 'use' s20 '» (Overflow logio only) transfer to s20 if overflow 
has occurred on a preceding i+, i- or n/ 

rohex'a* read a word of hexadecimal and store in a 

enter * sub » blokl* » denotes the beginning of a source-language sub- 
routine whose name is "sub*, blokl is a dummy syia- 
oal1 ' bol to enable reference to a sequential block of 

data specified in the main program calling sequence 

exit return control from source- language subroutine to 
main program 

end* » denotes the end of source- language subroutine 

trace 5 causes a source-language subroutine to be trace- 
compiled if the transfer control button is down 

call'sub'arg»a" transfers to the source-language subroutine named 

w sub% and sets the dummy symbol "blokl" to refer 
to the actual region a 

(one eond. stop) place at end of source— language 
subroutine tape, suspends compiling while next 
tape is loaded 

punches a as a hexadecimal word with conditional 
stop for reading by "rdhex" 
machine language instruction 

n 



wait 



hxpch'a 



add*a« 
subtr 'a 
mult'a* 
nmult 'a 
div"a' 
extrt* a 
hold»a* 
clear' a 
stadd 'a 



n 

" (e) 
n 

n 

• (y) 
Special Symbols 



r^adr 
arag2 



remainder of previous "i/ tt operation (not "n/") 

a block of 192 locations available for data storage in Mode A only 
a block of 640 locations available for data storage in Mode A only 
(if more than the first 328 are used, the T-tape must be used for 
the next compilation) 



CHAPTER II 
ARITHMETIC OPERATIONS 

A. Syntax. 

Operations may be divided syntactically ±u accordance with two 
considerations; the operand-answer relation and the precedence. 

The precedence is an attempt to formalize the combinational rules of 
algebra, and gives an indication of the order in which different operations 
appearing in a statement are performed. Tlras, algebraic functions, such 
as "sin", which are of precedence 3, are performed before multiplications 
and divisions (precedence 2), and the latter are performed before additions 
and subtractions (precedence l). 

Some operations require a left operand (l.); some require a right 
operand (r„); some have a numerical result or answer (a.)» These require- 
ments are listed in Tables III-VIII for the various standard operations. 
The result of any operation may be used as an operand for another opera- 
tion; if an operation has no answer (e.g. "print") , it cannot be so used. 
Any failure to observe these syntactical rules will result in an error 
stop (type 9). 

Bo Brackets £ J and "rank". 

Brackets may be used in any statement to modify the order of execution 
of operations. As a general rule, such brackets carry the standard 
algebraic significance. This may be formulated quantitatively by defining 
a "rank" for each operation as the precedence plus four times the bracket 
level. These ranks determine the order of execution of the operations in 
a statement in accordance with definite rules. If two neighboring opera- 
tions have different ranks, the one of higher rank is executed first; if 
they have the same rank, the one on the left is executed first. Brackets 
may be nested to a maximum depth of 7; violation of this rule, or of the 
standard rules regarding unmatched brackets in algebraic expressions, causes 
an error stop (type 3). 

Redundant brackets are, as a rule, ignored. In any case, they can do 
ho more harm than addittg a few milliseconds to the running time of the 
program. Thus if you are doubtful about precedence rules, play safe and 
insert brackets to remove possible ambiguity. 

C, Arithmetic Operations. 

The arithmetic operations are listed in Table III. All these opera- 
tions (except "abs" and 'labs") require both a left operand and a right 
operand. They fall naturally into two main classifications, integer and 
floating-point. As a general rule, integer operations are preceded by the 
letter i. 

C.l. The Substitution Operator ": M and Previous Result "prev". 

We have no use for an equal sign, which represents a statement of 
fact rather than an operation. In its place we have the substitution 
operator ";". The statement 

a» :*b" 



causes the value of & to be stored in the location labeled b„ The previous 
value of b is destroyed in this process. The only other operations which 
can change the contents of meiaory are the input operations (see Chapter V) , 

It is to be noted that the substitution operator has no "result" , 
Actually, the mnaber stored remains in the accumulator, but the operation 
table is coded so that this may not be used directly as an operand . The 
purpose is to enable detection of some common programming errors. Some- 
times it would be desirable to make use of this previous result. The 
operation "prev" serves the desired purpose. On© example will suffice at 
this time; another example may be found in Chapter V, section A„5 

Suppose one desires to store the value zero in locations a, b, and e. 

The coding 

Q*:'a*» 
0':»b" 
O'r'e'* 

will accomplish this purpose; however, it is necessary to recall the number 
"zero" at each step, which consumes two instructions and 80 milliseconds of 
running time (in this case; the discrepancy may be considerably larger in 
other cases) c The coding 

0»:»a' :«b» :'c»« 

will not work because ":" has no "result"; however, this may be bypassed 
by writing 

O'j'a" 
prev' : »b* f 
prev %!jy c * ' . 

Thus, whenever the result of the previous statement is needed for 
further use, the operation "prev" will avoid having to recall it from 
memory . "Prev" must be the first operation executed in a statement in order 
to accomplish this purpose, 

Co 2. Floating-Point Arithmetic. 

The basic floating— point arithmetic operations are as follows: 

ACT Language Mean i n g 

a'+'b* fl.pt .Sinn 

a'-'b' fl.pt .difference 

a'x'b' fl.pt .product 

a'/ 1 ^ 8 fl.pt. quotient 

a'pwr'b' a rised to the power b 

abs*a' absolute value (magnitude) of a 



These operate on floating-point numbers in the indicated manner,, 
If a result would have an exponent greater than 31, an error stop (type l) 
occurs (at run-time— see Chapter ¥111 )„ If a result would have an exponent 
less than -32, it is returned as zero. It should he noted that zero is 
seldom obtained as the result of "+" or "-"; the problems of round-off 
and binary— decimal conversion make exact cancellation unlikely. 

An attempt to divide by zero (or a number not in proper floating- 
point form) will give a type 2 error stop, as will the attempt to raise 
zero to a negative power, or a negative number to any power . 

C,3, Integer Arithmetic. 

Integer arithmetic is provided in the standard ACT III system 
primarily for use in counters and subscripts. The primary operations of 
value in this case are addition and subtraction. 

a'i+'b* . 
a'i- f b* 

These are simple machine operations. If th© result exceeds 
536,870,911, a machine overflow will occur. This stops the computer if a 
standard logic board is being used; it sets an indicator which can be 
tested later (see Chapter XI) if an overflow modification board is used. 

For situations where products of small integers are required, the 
operation "iix" 

a'nx'b' 

may be used. This will give incorrect results if the product is greater 
than 134,217,727. 

If products are required and the above limitation is to© strict, 
the operation M ix" 

a ? ix'b» 

is available. It is considerably slower in operation than "nx" , and requires 
an extra subroutine . If the product exceeds 536,870,911, an error stop 
(type 3) will occur. 

Division M Integers in accomplished by the operation "i/ 9 

a'i/»b' . 

The quotient is, of course, an integer, and is determined by the require- 
ment that the remainder must have the same sign as the denominator » This 
is consistent with the Inodulo" concept of number theory. If a and b are 
both positive, it means that the quotient is the largest integer contained 
in a/b. 

The remainder obtained in this division is stored in the special 
location (symbol) "remdr" , and may be used at any later time in the program. 

The absolute value of an integer is obtained by "lab's". 



The expression 

a*ipwr f b* 

produces the result of raising a to the power b. An attempt to raise zero 
to a negative power gives a type S error stop. The answer Is oh ESS!* 2£ 

zero* negative and a is greater than 1, the answer is 

C.4. Mixed Arithmetic. 

Several operations deal with both integers and floating-point numbers 
The operation "flo" 

u*flo*a* 

m^SL^ fi ISVe T, *5* re ! ul * of interpreting the "integer" a as a decimal 
number with n (integer) digits after the decimal point, L may be nositi™ 
or negative.) Some examples follow: p l ay 0e P osi *i v « 

- *• result (fi.pt.) 

123 123.0 

1 123 12,3 
- 1 123 1230.0 

The operation M unflo w 

n*unflo«a' 
SeedeJ! 8 *** floatin ^ oint UUffite ^ (a x 10*) to an Integer, rounding as 



n 



result (fl.pt.) 



15.73 16 

2 1.822 182 

-2 2947.3 29 

The operation "fix" 

n'fix'a' 

is similar to "unflo", except that no rounding occurs. Thus the results 
in the above sample oases would be 15, 182, and 29 respectively! resttlt8 

*v Jf* is UOt ^visa 1 *!® to use floating-point numbers as counters «1..* A 

^«™?«2~ de f "f oo r e r iOH problera induces roundoff errors which £ll 
accumulate. An important use of the above three operations is in any ease 
in which a counter is also needed for floating-point calculations. 

The operation w xlOp" 

a*xlOp»n* 



CHAPTER SI I 
SUBSCRIPTED VARIABLES 

A. Regions 

A series of sequential locations nay foe set aside as a "region"- 
The statement (dim„ = dimension) 

dim«a«50«b»25»' 
reserves_5 locations for region "a" and 25 locations for region "fo« As 
many regions as desired nay foe set aside in one dinensloa™irfcaie5enT; more 
than one dimension statement may he used; and they may occur anywhere in 
the program. Hote, however, that the names ("a" and "fo" in the above 
example) should not have b een used previously ; if they have been, this 
statement changes their definition, so that the symbol "a" used before 
this statement refer® to a different location from that assigned after 
this statement, 

B, Integer Subscripts 

The word pai r a T 25* r efers to th e 28th word of region "a". It is not 
necessary that "a" be assigned a size of 25 or more, or even that "a" be 
previously named in a dimension statement. In the latter case* note the 
fact that all variables are assigned consecutive locations in the order 
in which they first appear in the program. Blocks reserved by dimension 
statements also fall into this order as they occur. 

The first word of region "a" is a»0», or simply a*. Thus, in the 
above example, the flSty words of "a" are a»0* thru a '49*. Then comes 
b*0»« The word pair a* 51* would thus have the same meaning a b*l». 

If variables c, d, and e are used (not in a dimension statement) in 
that order, then c'l» is the same as d f , etc. 

C« Single Variable Subscripts. 

The statement index ♦ i ' j * « 



sets up a meohanisn by which the variables i and j may be used as variable 
subscripts. Up to 31 subscripts may be named in a single index statement. 
More than one index statement may occur, and they may appear at any place 
in a program. In the latter case, the same comments appearing in section A. 
for dimension statements apply. 

The word pair a*i» refers to the (i + l)st word of region a, where the 
current value at run-time of the integer variable i is used. If the value 
of i is not properly set before using it, the resultant location may be 
anywhere on the drna, with mysterious results. Note that w i" must hav e been 
previously named in an index statement, or an error stop will occur~7~ ~~-- 

The words a'i'25' (or a*25'i») refer to the i + 26)th word of region 
"a". Again, i must be named previously in an index statement. 



D, Double Subscripts 
The statement 



dbi&d'E' « 



makes m available a© a double subscript . Two locations are reserved 
for each symbol so naued, referred to (in the case of *»ia n ) as n'Q» 
(or simply ti») and m«l» . 

The word pair a*m* now refers to the location in region "a" corres- 
ponding to the matrix element in row m'O* and column m'l' of a matrix 
stored row-wise beginning at a'l'. The number of columns of the matrix 
(an integer) must be first placed in a'0 ? . 

Other properties of double subscripts are as described for single 

subscripts . 



E, Adjacent Variables 

If two variables {e.g. a and b) appear next to each other (as a*b«) 
or if a variable and a constant or two variables and a constant appear 
together (not separated by operation words), they are interpreted in 
accordance with the preceding sections. If they do not satisfy the 
conditions laid out there , an error stop will occur. 
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CHAPTER IV 
LOGIC -OPERATIONS 

A. Logic Plow. 

, The normal tlm* of operations (at run-time) is from one statement to 
th© next in ©©qtienoa, as they appear in the source program. Several opera- 
tions are available) which may change this flow. The machine operations 
"use" and M trn" &r® two sach. Thus the statement 



U3©*8l 



t I 



transfers control unconditionally t© statement tramber 1, and the statement 

tru'al' 8 

transfers to statement 1 only if the result of the previous statement is 
negative (otherwise the normal flow ■ occurs) . 

B, "If" Statements. 

The statement 



if t a , n»6 f sl l zero t s2 t pos t B3 1 * 

transfers control of statement 1 if a is negative, statement 2 if a is zero, 
and statement 8 if a is positive (non-zero). The variable M a" may he 
integer- or floating-poin t. It may also he replaced "by an expression with 

a" result (integer or floating-point) . Such' an expression .must he enclosed 
in brackets. It is not necessary to specify all of the teats ("neg", "sere", 
"pos"); any one or any two may he ohmitted. The normal flow (to the next 
statement) is understood for the missing tests. It is necessary that the 
relative order ©f the three tests he preserved in the statement. Thus; 



if ['a' + *l> f j > iieg v fll , p08*83 

if C'a'-'h f ] f zero«s5 f 9 



ii 



0. Variable Connectors, 



There are several way®, in addition to the ?, if" statement, of setting 
up variable transfers. _ . 



0.1. 

The statement 



U ret'slO'uee'sll*'' 



where statement 10 (appearing elsewhere in the program) has the form 

810 'gO to'sO 1 ' 

first changes statement 10 to "use (next statement after the ret-use 
statement)", then transfers to all. Thus a block of programming may be 



set up, beginning at all and ending with ©10, which may lb© called as a unit 
from various plfices in the program » fiot® the space in the word "goAto". 

C.2. The words "go to" and "use" are not interchangeable. The symbol "SO" 
is a dummy symbol with no special significance. * y^ 

The statement 

set , sl0 , to , s5 , » 

where statement 10, as before, reads 

slO'go to»sO* • 

causes slO to be changed to use 'sS", but the flow then proceeds to the 
next statement following the set-to statement. 

C.3, Subscripted Statement Numbers. 

The word pair s5'i', where i is named in an index statement, transfers 
to the i»th location before the beginning of statement 5 . Thus the state- 
ment preceding statement five might read 

use'slO'use'slS'use's^'use'sS* ' 
s5* (etc). 

In this case, if i ■ (at run-time) sS 1 !' refers to s5 itself; if i * 1 
it refers to the use'sS', if i ■ 2 to the use ••12*, etc. Note that the 
"statement dictionary" so constituted mus t all be contained in one state- 
meut. —— — - — — 



Note that the word pair s5»2* (for example) refers to statement number 
(5-2) * 3, without reference to any such statement dictionary. Similarly, 
the combinations 85*2*1* and s5 , i , 2 t are equivalent to s3*i*. Subscripted 
statement numbers must not be used after "to"; or after "use" in a "ret- 
use" statement; or after "zero" in an "if" statement. 

D. Programming Loops. 

The statement 

iter'i'j'k'sl" 

has the following significance: increase i by the amount j (must be positive); 
if the new value o f i is less than or equal to k r transfer to si, otherwise 
go to the next statement. 

As an example, the following coding will obtain the sum of 26 floating- 
point numbers in locations a , t thru a'25*. 

0* :*sum' * 
prev • : * i * * 
sl'a'i'+'sum' : 'sum* * 
iter'i*l»25 , sl , » 

The arithmetic performed in an iteration statement is integer 

frithmetio. The four arguments of the statement need not be simple variables, 
he first argument (i in the above) may be a subscripted variable, the 
second and third arguments may be integer expressions of any complexity, 
and the statement number may be subscripted. Any such argument 8 however, 
must be enclosed in parentheses. Example: 



iter'['m'l«2» [jm»l»i+»3 , ix* yj •k , £»«l , i«j 



1 1 



p„ Breakpoint and Overflow Tests, 

The statement 



u e(5 



i 



bkp4*use B sl5*» 



when used on a computer with overflow logic hoard (see Chapter XI) causes 
a transfer to statement 15 if breakpoint 4 is on; otherwise control passes 

to the next statement. The ©odes bkp8 t bkpl6, and bkp32 have similar 
meanings. If this is used with a standard logic board, and the breakpoint 
is on, control passes to the next statement., If it is off, a stop occurs,, 
Pressing start will continue with the next statement „ Execution of the 
sequence "one operation, manual input, start, one operation, normal, start" 
will transfer to statement 15, 



The statement 



of low' use* si8 r * 



when used with the overflow logic modification transfers to sl5 if the over- 
flow indicator is on as the result of a previous i+ or i- operation. It 
should be noted, however, that the overflow is turned off during execution 
of a + or -; and that, if the overflow is on at entry to / (fl„ pt„ divide), 

i.t will cause a type 2 error stop*, 

Subscripted statement numbers must not be used with these tests. 
F* Stops, 

The statement 

stop" 

will cause the computer to stop* If the statement is numbered and was not 

trace-compiled, the statement number will appear at a q of 11 in the 

instruction register. 



CHftPTISS V 
INPUT-OUTPUT OPERATIONS 

A. Numerical Data Input. 

Numerical data may be read into the computer (at run time) in either 
integer or floating-point formats The operations which achieve this 
result are "tread" (for integers); and "read" (for floating-point masher©) I 
Also available is the operation "r.dflo", which is a read-aud-float procedure, 

Aol. Integer input,, 

The statement 

i read' «* • 

causes a single word to be read from tape, interpreted as an integer, and 
stored in n„ 

The proper form for integer data is a sign (+ or space for positive,- 
- for negative) followed by one to seven numeric digits. The ■*• sign is 
recommended, since a space may be overlooked. This is followed by a condi- ■ 

tional stop. The sign must be the first Character read; it may be preceded 
by a carriage return, which enter© nothing into the computer, but not by a 

•tab, which enters as a space (unless, of course, you wish this to be~recog- 

Vuized as a plus sign). 

^ ........ *** " a t h ' C 

If it is desired to include textual matter with the data word, the 
last eight characters must constitute the data word, as follows: first 
character is the sign, followed by a seven-digit integer with leading 
zeros (or spaces), 

A»2 Floating-point Input. 

The statement 

read' a* • 

causes two words to be read from tape, interpreted as the mantissa and 
exponent .of a floating-point number, and the resulting number stored in a. 

The proper form for floating-point data is as follows . ' The first 
word consists of the sign and one to seven significant digits of the 
mantissa. The decimal point is understood to be immediately to the right 
of the sign, Fon-signif leant trailing zeros may be omitted unless textual 
material precedes the sign. The second word contains the exponent, in the 
form of an integer aa explained above, 

A , 3 . Read-and-f 1 oat . 

The statement 

n'rdflo'a" 

causes a single word to be read from tape in the form of an integer, inter- 
preted as a decimal number with u digits following the decimal point, con- 
verted to a floating point number and stored in a. The decimal indicator 

u may be positive or negative. 



A. 4. Data Input 'i'es'iaijuation. 

In batch processing, reading in lengthy tables ®f data,, and other 
applications, it is necessary to include provision to vary the ataount of 
data from one nan to another. Suppose, for example, you writ© a program 
designed for batch processing, 1m' which a set ©f data is read,' computed 
results are printed, end then new data are read to repeat the process.. One 
way to control the nuiafoer of sets of data read is to • incorporate in the 
program a separate ' f? iread" '{executed only once) which reads first the number 
of cases on- the tape. 

A more useful procedure is provided by the statement 

rdxit*8l2" 

execution of which (at run 'time) set© © special exit from- the data read 
subroutines t© statement 12. Thie exit is used whenever blank word 
(conditional stop only) is read from the data' tape. The placing of this 
statement at the beginning of the above program allows the batch processing 
to foe terminated by merely placing an extra conditional stop after the last 
set of data. When this is read, control is transferred to sl2, which may 
merely say "'stop", ©r may start another section of the program. Several 
"rdxit" statements may foe ised in a program in this way, changing the data 
exit as required in various sections of the progress. If a blank word is 
read before "rdxit" lies been set, an error stop will occur. 

fables ©f varying length Kay be read in using this method. The 
sequence 

rdxi't»s2" 
l».:»i" 
- sl^n'rdflo'a'i" 
lter*i'l'99999'sl* v 

s2» (etc.) 

with read and float data words, loading into sequential locations an t a^etc, 
until the extra conditional stop is read, at which time control is- transferra! 
to- s2. The value of I is then one more than the wiwber of entries in the 
table , The upper limit 99999 is s of course, a cluray, since this maxxy words 
would ne^er be ns©d 

Ao5. General Coiraeefe on Data Input Operations. 

The right operand of "read", "i read", or "rdflo" must, of course^ be a 
simple variable ? The .statement 

read' 5 a'x f fo 8 «» 

will give no ®rra>r indication, but will accomplish nothing useful in the 
running program. 

The result of a data input operation may be used as an operand* Thus, 
if. it had been, desired in the above loop to accumulate the sura of the 
numbers as they were read, in, the following statement could have been 
inserted before the iteration statement. 

prey * * ' aum * : * sua' ' 



Statement number I could, alternatively, have been changed to read 

sl'f "n'rdflo'&'iA '•f-'sum' :«sum 9 » 

The advantage to be gained in either case is the time necessary to recall 

the indexed variable „ which is about 225 milliseconds. 

Instructive examples ©re included at the end of the chapter. 

B, numerical Data Output, 

Remember: fekp 32 OK for high speed punch 
bkp 82 OFF for flexowriter 

B,l„ Integer Output, 

The statement 



u'lprt'e' • 

(where n and a are both integers) causes the integer a to be printed or 
punched in a field, u/100 characters wide, with leading spaces, Iiegati've 
numbers have the sign printed immediately to the left ©f the high-order 
digit* A nine-digit integer may be in error by 1 or 2. 

As an example* if n»1100 and a=5372, the routine will print 7 spaces 
followed by the number 5372 , If a»-5372, then 6 spaces would be printed, 
followed by -5372 . 

If the field is too small for the number to be printed, the size of 
the field is respected. In this case s the sign is replaced by a p or m 
(for plus ©r minus),; followed hy enough of the high-order digits to fill 
the field. If n/lOO « 1, a conditional stop is printed; if n/100 = 0, 

nothing is printed,, 

Bo2„ Floating Point Output. 

The statement 

n' print 'a" 

where a is a floating-point number and n » 100c «■ s (c and s integers), 
causes the floating-point number a to be printed in a field c characters 
wide rounded' to s significant digits. The format consists of leading 
spaces as required, followed by a sign (space or -), decimal point and s 
digits of the mantissa, space, M e", and the exponent printed as an integer 
in a field three characters wide. If c is too small to make room for s 
digits, the value of s is decreased as required. If c is less than 7, the 
routine simply prints the exponent as an integer in a field of c characters, 

B.3, Uufloat and Print (decimal print). 

The statement 

n'dprt'a'* 

where a is a floating point number and u » 100c + f (c and f integers) 
causes the floating-point number a to be unfloated and printed as a deci 
number in a field o characters wide, rounded to f fractional digits. The 
format consists of leading spaces are required, followed by a sign (space 
or - ), integral digits (if any), decimal point, and franctional digits 



(if msy) „ If the immjx&r is t©» large to lb© print ad as specified, f is 
decreased, as required. If thits measure foils, control is transferred to 
tli© "print" .routine (see B„2.) 

If f s and the number Is less than 0.5, it is printed as 0„ 

B„4 Compatible Output. 

Routines ore available for punching numbers in a form which may be 
used directly ms input to another program „ If legible output is desired, 
the statements 

punch* a* * 
and ipeh'n'* 

produce legible output for floating-point and integer data, respectively. 
The floating-point format consists of a aign end seven digits for mantissa, 
a conditional stop,, a sign and two digits for exponent, a conditional 
fltopo The integer format consists of a sign and seven digits (with leading 
zeros) followed toy a conditional stop„ If the integer contains more than 
seven digits, sb error stop will occur, 

B„5 a Hexadecimal Input-Output., 

Th® statement 

rdhex'a' ? 

causes a single hex «|ord t© be read and stored in a. The statement 

hxpoh'a 9 * 

cause® a to be punched as an eight-character hex word with a conditional 
stop-, This pair of operations is recommended for intermediate output of data 
required for another program when legibility ±8 not required. The advant- 
ages sir© increased input-output speed and increased accuracy (in floating- 
point numbers, where the binary -decimal conversion causes inaccuracy) „ 

B 6» General Cessment s on Data Output Operations, 

All the output routines will operate on the flexowriter (breakpoint 
82 up) or the high-speed punch (breakpoint 32 down) . Since an output 

order has no "result", it may not fee used as an operand* 

Instructive examples are included at the end of ' the chapter, 
C. Alphanumeric' Input-Output* 

The statement 

aread'a' 8 

will cause a single word to be read from tape, interpreted as alphanumeric 
! information in a special two-dlgit-per-character cod© (four characters or 
less per word), and stored in a. The two-digit code is given in table 
IX. It is identical to the code used in the standard alphanumeric print 
subroutine 19„0 o A blank word transfers . to "rdadLt" .(see A»4.). 



The statement 



aprt'a' ' 



causes the contents of a, interpreted as alphabetic information of up to 
five characters, to he printed. Five characters are possible, although 
words read in by aread" may contain no more than four. This limitation is 
due to the Input format rather than the internal storage format. The output 
will run on the high-speed punch if breakpoint 32 is down. 

If, through error, a numeric data word is in a, some of the characters 
may not be acceptable to the flexowriter. This may oause a stop during 
the print operation. Ho such stop will occur on the high-speed punch, 
since all characters are acceptable to it. If a is a negative data word, 
nothing will be punched. 

D. Direct Alphanumeric Print. 



The statement 



daprt's^o'p 



1 1 



will oause the compilation of instructions to print the word "stop" (at 
run time) , Up to 80 characters may be so indicated in a single statement, 
there is no objection to having a series of such statements. All characters 
acceptable to the flexowriter (including space) may be included in this way. 
The control characters are represented by the following mnemonic oodes. 



lower case 
upper case 
color shift 
carriage return 
back space 
conditional stop 
(or apostrophe 
tat 



lcl' 

uc2* 

color* 

or4' 

bs5» 

stop* 

ap') 
tab6* 



Execution of the above statement does not affect the contents of the 
accumulator. 



The statement 



n*reprt*x' • 



(where n is an integer, and x stands for any oharacter, as discussed above) 
causes the high-speed printing of the indicated oharacter u times. If n is 
negative, nothing is printed. 

E. Example. 

The following pages contain undoctored flexowriter listings of a 
sample program showing input-output format. The first page contains the 
source-language program and the data tape. The second page is a record of 
the compilation, and the third page is the result of the actual run. Most 
of the features of numeric input-output format are demonstrated. 



The headings on the data tape are for purposes of labelling the 
output (page V-8) and are included as a sample of this method of 
inserting headings. All fields in the output begin immediately under 
the first character of the heading, having been aligned by a "tab" in 
the source program* Note that the output is always right- justified, 
with leading spaces inseted where necessary to fill the field. 

The two controls cr' and tab', not previously discussed, have the 
same effect as daprt , cr4 t and daprt'tabG 1 respectively. If these opera- 
tions stand alone, the shorter forms compile more rapidly, but if they 
are part of a series of printed characters, they should be Included under 
the "daprt" for more rapid compiling. The output program is the same in 
either case. 



Source program 



( Examples of input-output format ') 

Part I — integer format ' 

all' rdxit , sl2 ,f 
si* or'iread'ni" 

tab , iread , is ,t 

tata'a^ipr^a** 

use'sl** 

Part II — - floating point format ' 

812* / rd3cit»sl3 , » 
S ^ ' or'iread'm* * 
tab* read* a* * 
tab *m' print* a 1 * 
tab'm'dprt'a* * 
use*s2* * 

Part III — "rdflo" format * 

sl3« rdxit'sl4" 

s3* er'iread*n'tab" 

prev*rdflo*a* * 

tab '1608 'print 'a" 

use'63'* 
sl4* stop'use'sll' * ' 

Data Tape 

Examples of input-output format 

Part I — integer input-output 

field number "iprt" output 

+ 1000 » +1 2345* +900 ' -1 2345' +1000 '+0' +800' +12345* +300* -12345' » 

Part II — floating T>oint format 

field number "print" output "dprt" output 
+ 1407♦+l•-2»+1407♦+l*+4♦+1407'+l'+20 , 
+1204'+5555555*+l*+1204'+5555555'-4'+1204*+9999999 , +8*' 

Part III — "rdflo" 

deo.pt. number output 
0'£l234'+5'-1234 , -20*+1234' » 



Compilation Itecord 



Examples of input-output format ' 
Part I — integer format * 



sll* 
si* 



rdxit's^** 
cr*iread*m* * 
tab*irea*n* ' 
tab'm'iprt'n' ' 
use •si" 



Part II — floating point format 



sl2' 
s2* 



rdxit*sl3»* 
cr^read^* f 
tab' read 1 a' * 
tab *m* print 'a* * 
tab'm'dprt*a* ' 
use 1 s2* * 



Part III «-- "rdflo" format ' 



sl3* 
s3* 



sl4* 
f 0414 



rdxit , sl4" 
cr*iread , n'tab' ' 
prev*rdflo*a* * 
tab* 1608' print* a* * 
use*s3* * 
s top' use' si 1* * ' 



s 01 
s C2 
s 03 
s 11 
s 12 
s IS 
s 14 



0305 
0326 
0354 
0302 
0323 
0351 
0412 



Program Output 



Examples of input-output format 
Part I — integer input-output 



field 


number 


"iprt" output 


+ 1000' 


+12345' 


12345 


+900* 


-12345' 


-12345 


+1000' 


+0» 





+300' 


+12345* 


pi 2 


+300' 


-12345' 


ml 2 



Part II — floating point format 



field 

+ 1407' 

+1407' 

+1407' 


number 
+l'-2' 
+l'+4' 
+l*+20' 


"print" output 
.1000000 e -2 

aoooooo e 4 
aoooooo e 20 


"dprt" output 
.0010000 
1000.0002849 

aoooooo e 20 


+1204' 
+1204' 

+1204' 

* 


+5555555 '+1' 
+5555555' -4' 
+9999999' +8' 


.5556 e 1 
.5556 e -4 
.1000 e 9 




5.5556 

.0001 

99999988.54 


Part III — 


"rdflo" 


- 






dec.pt. 

0» 
+5' 
-20' 


number 
+1234' 
-1234' 
+1234' 


output 

.12339997 e 

-.12340003 e 

.12339997 e 


4 
-1 
24 





CHAPTER VI 
STOKAGS PHOBLEMS 



NOTE: All of the allocations discussed below are taken care of by 
your T-tape and 3-tape 

A. Mode A 

In mode A operations, 32 tracks (of 64 words each) are allocated 
to the compiler and its temporary storage. Of these, one block of 3 
tracks may be freely used for data. This is set apart as the region 
aregl". Use of more than these three tracks (aregl'O* to aregl*191*) 
will cause data to be written over the compiler itself. 

Another block of 10 tracks is designated as areg2»0' to areg2'639». 
rhe first five tracks of this region (0 to 319) may be used freely for 
data storage; the second five may be used, but in this case the whole 
J- tape must be used for the next compilation. If more than ten tracks 
are used in this region, the operating subroutines (P-tape) will be 
damaged. 

Of the remaining 27 tracks (3-29 inolusive) the subroutines occupy 
the top part (from 29 down), the compiler program runs from track 3 uo 
and data storage lies in between. 



help : 



If a type 2 stop (storage full) occurs, several procedures may 



a. compile without trace (saves 2 words per statement) 

b. reduce all regions to bare minimum size 

c. move all data to aregi and areg2 

d. use less subroutines if possible 

e. go to Mode B 



B. Mode B 



In Mode B operation tracks 3-61 inolusive are available for the 
complied program (from 3 up), subroutines (from 61 down) and data 
(from the subroutines down). However, it is not possible in any case 
for the compiled program to occupy more than 27 tracks (3 - 29 inclusive) 



CHAPTER VII 

PROCEDURES 
(SOURCE-LANGUAGE SUBROUTINES) 



In many programs, it is desirable to have certain blocks of pro- 
gramming (at source-language level) set apart as closed subroutines which 
may be called upon at various points within the main program. Typical 
examples would be a plotting routine, matrix inversion, etcv The "ret- 
use" language discussed in Chapter III may be used for this purpose, but 
it is not extremely flexible. The present chapter describes ACT III 
language provisions for this situation. 



A. Basic Codes 

The statement 



enter' plot* f 



is Interpreted as the physical beginning of a source- language subroutine 
or procedure which is thereby assigned the symbolic name "plot". 

The statement 

exit" 

executes a return from the procedure to the main program. 

The statement 

end* 8 

is interpreted as the physical termination of a procedure. The block from 
an "enter" to the next following "end" is the procedure. Tests are incor- 
porated which implement the following diagnostic checks. 

a. An "enter" may not occur within a procedure 

b. An "end" may not occur unless an unmatched "enter" has been 
processed 

c. An "exit" must lie within a procedure 

A.l. Data Blocks; Indirect Addressing 

Many procedures have single input and a single result. These may 
conveniently be placed in the accumulator. Often, however, a procedure 
will operate on an entire block of data. 

A sample of this would be a matrix inversion procedure, which must 
know the location of the matrix to be inverted and the location in which 
the inverse is to be placed. This is accomplished by beginning the 
procedure with 

enter » minv * lminv ' 2minv » » 



Thus the name "minv" is assigned, and the two symbols, lminv and 
2minv, are set up as dummy references to the two data blocks. No space 
must be reserved (by "dim" statements) for these symbols. We suggest 
in all cases, to avoid duplication, that such dummy symbols be named as 
here, with a numeric digit followed by the first four characters of the 
name . 

Any variable subscripts required by the procedure must be set up, 
preferably immediately after the "enter" statement, by "index" and "dbind" 
statements. Sueh subscripts should have names of the type indicated above. 

Suppose we write, after the above statement, 

dbind»3minv*» 



Then the variable 



lminv r 3minv» 



refers to the element of the original matrix determined by the double 
subscript "3raniv". Specific words in a data block may be referred to by 
integer subscripts, as 

lminv* 3 * 

Note that "lminv" without a subscript should not be used; it does 
not refer to word zero of the block, but rather to the location in which 
the origin of the block is stored for purposes of indirect addressing. 
Thus word zero must be written out as 

lminv * * 

The special subscript arithmetic, e.g. lminv s 3minv«2 l is not allowed 
when using indirect addressing. 

B„ Calling Upon a Procedure 

The procedure headed by the statement given in A„l a 

enter * mlnv 1 lminv * 2minv * * 

is called upon in the main program as follows. 

eall'minv^rg'a'arg'b* 

Here "a" and "b» are the actual names of the blocks for the original 
and Inverse matrices, as set apart by "dim" statements in the main program. 
Assuming the procedure has been written and compiled, the above statement 
will cause the matrix "a" to be inverted and its inverse stored in "b" . 
The same procedure may be called more than once, with different matrices to 
be operated upon. 



It ie neoesoary that the procedure fee ©oa&piled before a statement 
calling upon it. It is act practical to incorporate a test for tMs 
condition j It i© necessary, therefore, that procedures Is a placed routinely 
at the beginning of any program. 

Jt a r * and "is" may be 0til)se?ipted; tliey may also fee indirect address 
references . 

C. Temporary Storage 

la order to avoid duplication of symbol® between procedures, or 
between a procedure sad the uain prograa s the following provisions are 
iaad@ for temporary storage. 

If a procedure seeds (for exanple) 5 locations for temporary storage, 
they are reserved fey placing the statement 

sto# T stop 'stop 'stop* stop* * 

(one "stop 51 for each location required) immediately before the "eat or" 
statement. These locations are then called by the mane of the' procedure, 

with s^ l lbseriptg 1 to 5 (do not uge zero ) . 

B„ Sample Procedure 

To demonstrate these features, we include la section Q a program 
for a simple plotting -procedure. The 'minimum seal® value Cy©) and 

range (y^^K " $q) are taken from locations plot ? I 5 and plot* 2% and 
the axiaber of scale divisions from plot* 3* Call in floating point). 
The number to be plotted is in the accumulator* The number of scale 
divisions is assumed to be in plot '4* a© an integer and we assume that 
tab stops are set at every 16 characters. 

This procedure is called frost the main program, after the proper 
numbers have been placed in plot'l* thru plot*4* and an initial carriage 
return has been executed, hy the statement 

bring *a* call' plot* • , 

or,' if the number to be plotted has been calculated as the result of 
the previous statement , simply 

call 'plot *' . 

The procedure is written so that points are plotted using the 
character s o B and off-scale value© are indicated by a red n x n . 



Eo A Library of Procedures 

It would be desirable to keep commonly-used procedures in a library 
torn, A separate tape of a procedure like the one in seotion G may be 
kept, if it ends with the word 

wait'. 

If this tape is to be used with a new program, it is compiled 
first. When the "wait" is read, the computer stops while the next 
tape is placed in the reader. Simply pressing "start" resumes compila- 
tion. 

The problems involved in duplication of symbols can be avoided by 
using the conventions which have been suggested above, and which may be 
summarized here. 

a. For temporary storage, use looations reserved by "stop" codes 
preceding the "enter" statement. 

b. All dummy symbols and index symbols should consist of a numeric 
digit followed by the first four digits of the name (separated by spaces 
if the name contains less than 4 digits). 

Duplication of statement numbers between procedures and between a 
procedure and the main program is automatically avoided by the compiler. 
When the "end" oode is read, all statement number references compiled so 
far are satisfied and the statement dictionary is erased. If any state- 
ment numbers have been called but not defined, the special "type 7" 
error display occurs. Thus, no statement number may be called before an 
"end", which Is not defined before the same "end". Computation will auto- 
matically start at the statement immediately following the last "end" 
statement compiled. Thus, it is recommended that all procedures be com* 
piled first, before any portion of the main program is compiled. 

If you need to have second, third, or other entries and/or exits 
to a procedure, the block of words preceding the "enter" statement may 
be used. Thus, if one of the "stop" words before the "enter" (see 
section C) is replaced by (for example) use »s5», where s5 is defined 
in the procedure, it may be referred to in the main program or in a 
later procedure by the name of the procedure and the appropriate subscript. 
If you desire to have an alternate exit set by "set" or "ret" in the main 
program, you must use the above format, where s5 again must be defined in 
the procedure, although in this case it is really a dummy. Do not attempt 
to use a "go to" oode in this situation. 

When you are debugging a procedure, the following steps must be follow- 
ed if you wish statement numbers printed out while tracing. First, the pro- 
cedure must be preceded by a "use" statement transferring to the main pro- 
gram following the procedure. Second, the "trace" statement must be in- 
serted after the "enter" statement. Third, the "end" statement must be 
omitted. Fourth, the main program for the test run must not duplioate 
statement numbers used in the procedure. Finally, no other procedure may 
be compiled after the one being tested in this way. 

Symbols used within a procedure will appear in the symbol table 
printed at the end of compilation. 



P. Trace-Ooiapiling. 

'fhi« ?« e H^! C 3f5 * eature *■ automatically suspended within a procedure, 
fhis is done because procedures will noraally be debugged already. 

the statement ae8ired to traco thro «S* » procedure (for debugging purposes), 

trace ' * 

ili la !!! d J?*®* 1 *** 1 * ?****" *h« "enter" statement. This restores the 
button)? f ea*«™ (depending on the setting of the transfer control 

G * Sample Procedure 

Plot Procedure 1 

stop * stop ' stop • stop » stop * * 

enter* plot 1 ' 

O'unflo' « »prev*-*plot'l* *x'plot'3'/»plot'2* *:'plot'5" 

if 'prev'neg'sl' » 

if , plot»4'i-'plot«5» »neg's2»« 
s3' set'sS'to'se* » 
s€* 'plot's* i/'16* 'reprt'tabe*' 

remdr'reprt* •» 
s5> go to' sO** 
s6* daprt'o" 
s4* cr'exit'* 
©S» 8et<s5't6<sl" 

plot'-i': 'plot's* •■ 

use°s8 Tt 
si* daprt « color J x* color* 9 

use's4" 

end*' 

wait* 



CHAPTER VIII 
DEBUGGING AT RUF-TIME 

Ao Trace-Compiling. 

If, during compile time, the transfer control button is down (on), 
provision is incorporated in the compiled program to make use of certain 
valuable tracing features. If only a portion of a program needs checking, 
the transfer control button may be pushed or released at any time during 
compilation. Blocks of coding beginning with an "enter" statement and ending 
with an "end" statement (see Chapter VII) are not trace-compiled regardless 
of the position of the transfer control button,, 

B. Error Displays. 

Indorporated into the standard operating subroutines are a number of 
tests on the validity of the data which they are handling. For example, 
if a floating-point subroutine generates a number with an exponent greater 
than 31, an error condition is set up. The occurrence of such errors, 
which can be detected at run-time, but not at compile*- time, causes a 
legible error display to be printed out in the following format: carriage 
return, "e", space, error type (a numeric digit), space, subroutine name; 
carriage return, the number of the last numbered statement executed, the 
machine location (decimal) in the main (compiled) program, and the con- 
tents of the accumulator at entry to the subroutine (usually the right 
operand), interpreted first as an integer and second as a floating-point 
number. 

The meaning of the error type is indicated in connection with each 
subroutine. The "last numbered statement" will be printed as zero if the 
program was not trace-compiled. 

The subroutine name printed out in the sjame of the actual operation 
i" * ne spix ro e program' being executed. For. example, a type 2 error in "pwr" 
(argument regative) gives the name "pwr" even though the error is actually 
detected in the logarithm subroutine. The only exception to this is in 
"rdflo", where the name "flo" will be given. 

C a Statement number Stopping, 

If your program is trace-compiled, and you enter it with the transfer 
control button down and manual input on the flexowriter, a read is called. 
Type in a + sign followed by a statement number, release the transfer 
control button, and press "start". The program will run without interrup- 
tion until it stops just before executing -the statement identified by the 
number you typed in* Pressing start now will cause it to ask for another 
statement number. If you wish it to run without stopping, type "run". 

D-, Tracing. 

If, during run-time, the transfer control button is depressed, and 
if your program was trace-compiled, each statement will be traced. After 
each statement is executed, the following print-out will occur: carriage 
return, statement number, machine address of first instruction of state- 
ment, and result of statement, interpreted first as an integer and then 



as a floating-point number. The transfer control button may be 

depressed, or released at any time to turn the tra.se print-out on or 
off. 

Suppose, for example, you know your program is all right as far as 
statement 10, but you want to trace from there on. The procedure is then 
as follows: transfer to 300 with transfer control down. When the light 

glows, type in +10 „ Eelease .transfer control, and press start compute. 
The program will run at full speed and stop before executing statement 10, 
Press start. When the light glows, type ".run". Depress transfer control 

and press start compute. The first line of tracing is always meaningless; 
the second line will be the trace ©f statement 10, and subsequent state- 
ments will be traced until the transfer control button is released. 



CHAPTER IX 
STANDARD SUBR0UT1 NES 

!| It 

A. Subroutine Packages 

Considerations of machine language coding have made it necessary to 
group the operating subroutines into "packages" which may not be broken up. 
An attempt has been made to formulate these groupings on the basis of 
related content. 

These basic or minimum packages may iii turn be joined into larger 
packages. The contents of the various packages are indicated in tables 

XXX***¥XXX o 

B. "Basic Package" P-0. (9 tracks) 

The basic package P-0 contains all of the basic service routines, 
including the common input-output loops, trace and error display, and 
others needed by all the other subroutines. 

C. Floating-Point Package P-l. (16 tracks) 

I 
The package! P-l contains every thing In P-0 plus another group 
labelled PP, including the basic floating-point arithmetic (+,-, x / abs) 
a»d the floating-point input-output (read, print, dprt, punch) . Optionally 
available in P-l is a random number generator. 

The operation 

ran dm * 

which requires no operands, has as result .a floating-point number from a 
pseudo-random sequence uniformly distributed over the range zero - one. 

Do Package P-2. (21 tracks) 

The package P-2 contains ^y^cyjthlng. in Jfed plus the procedure codes 
(see Chapter VII) and ix, i/, flo, unflo, fix, ipwr, rdflo. 

These additional portions may be separated: 

CS (l track) procedure codes. 

ICP (4 traoks) "integer compatibility package" 

E. PELL (4 tracks) 

PELL contains pwr, exp, In, log. The PP group must have been 
previously assembled, or contained in the R-tape. 

P. TRIG (3 tracks) 

4ft 

TRIG contains sin, cos. The PP group must have been previously 
assembled. 

* 

G. ARTAII (2 traoks) 

The PP group must have been previously assembled. 
E. SQRT (1 track) 

The PP group must have been previously assembled. 



CHAPTER X, . 
MACHINE OPERATION 

A. Assembly of Subroutine®. (See Plow Chart A) 

Load : SPAR A 

Console : breakpoint 4 off, & off, 16 off, 32 on. 
6-bit off. transfer control- off. 

Read appropriate R-tape (see A.I.). After reading the first two 
words, the program initializes tables, then reads the remainder of the 
tape. At end of R-tape, the computer stops. 

Depress the 6-bit button, prepare a symbolic subroutine tape in the 
reader, press start. At end of tape, the computer stops. Repeat for as 
many subroutine tapes as desired. 

When all desired subroutines have been assembled, switch to the flexo- 
writer (manual input), and press start compute three times. If an error 
indication occurs at this time, consult the writeup of the subroutines used, 
or the SPAR manual. If it is unexplained, it probably indicates a damaged 
tape or a misread. 

Set up the punch (breakpoint 32 down for the high-speed punch, up for 
the flexowriter) and nress start. The tape punched will be the P-tape 
(assembled subroutines in hex) of all the symbolic subroutines assembled. 
Keep this tape, run a leader and press start. This will produce the T- 
tape (operation tables in hex). Repeat this procedure to produce the T* 
-tape (see D). 

A«l. Use and Preparation of R-tapes . 



Six R-tapes are provided with the system. These are R-Q-A, R-O-B, 
R-l-A, R-l-B, R-2-A, and R-2-B. An R-l j>r an R-2 tape must fee used if 
any floating-point arithmetic is desired. 

To prepare R-tapes corresponding to vour own P-tapes, after comple- 
tion of section A above load the tape SPAR B. Prepare the punch as above 
and press start. The desired R-tape will be punched. 

B, Compiling a Program'. (See flow chart S) 

Load : ACT III A 

Console : breakpoint 4 off, 8 off, 16 off, 32 off 
6-bit off o transfer control off. 

Read appropriate T-tape. After reading the first two words, the 
program initializes tables, then reads the remainder of the T-tape and 
stops. 

If you have source-language subroutines on seqarate tapes, they must 
be compiled now. Follow the instructions below for each such tape. A 
stop occurs at the end of each tape, 

i 
Prepare your source-language program tape in the reader, depress 6- 
bit button. Depress transfer control if you wish to traee-compile. Press 

start. 



At the end of the program, the computer will type out the last loca- 
tion weed fey the compiled program (in decimal) and a statement dictionary , 
listing the location of the first instruction of each numbered statement. 
After the search of the statement dictionary, a carriage return is 
executed mid the symbol table is printed. (See Supplement). 

B.l. Punching a Compiled Program. 

The compiled program may be punched out as a hex tape either Immediately 
after compiling or after testing. Four separate methods are available. 

A. After the statement dictionary is* printed* prepare the punch as 
usual and press start. The resultant tape will be a single block of hex 
with one checksum, 

B. After the statement dictionary is printed, release the 6-bit 
button and transfer control . Load the tape marked ACT III B. Set up the 
punch and press start. The resultant hex tape will be in blocks of two 
tracks, each with its own checksum, 

C. After testing, reload ACT III A (not necessary in mode A), transfer 
to 5449, set up the punch and press start. The tape produced is described 
in (a) above. - 

D„ After testing, follow the directions in (b) above „ 

In any of the above cases, punch ,0000300' manually on the end of 
the program tape, (a) and (c) not available with standard system. 
,0000300' is punched automatically in cases (b) and (d) above. 

C. tunning a Program. 

Load ; The proper P-tape, followed by your program tape. 

Console ; breakpoints are required by your program, 6-bit off, 

transfer control off (except for debugging; see Chapter VIII). 

Prepare data tape (if any) in reader,- prepare punch if necessary, 
press start. 

Tote: Immediately after compiling, the compiled program is present 
on the drum. For testing, load the P~tape (if necessary), and transfer to 
300 to start your program, 

D. Mode A and Mode B Operation, kfa 

In mode A operation, the subroutines (P-tape) and compiler (ACT III A) 
are on the drum simultaneously. Thus it is not necessary to reload these 
tapes, unless you wish to use a different P-tape. Also, unless you have 
used ACT III B or written data in more than the first 820 words of the 
region "areg2", it is not necessary to read in the whole T-tape. In this 
case, use only the T*-tape for a second compilation. This mode is evidently 
most convenient for installations not having a photoelectric reader. 
However, the limitations on program size are rather severe. 

In mode B operation the various tapes must be reloaded for each use; 
we strongly recommend the use of ACT III B for punching the compiled 
program in this case. 



PREPARING THE STANDARD SYSTEM FOR USE 

A. To Prepare P-O-A or P-O-B . 

Follow flow chart "A" using for R-tape RI-A or RI-B, and for symbolic 
tape, S-O. Mark P, T, and d tapes thus produced (P-O-A, T-O-A, T*-0-A, 
R-O-A) or ( P-O-B, T-O-B, T*-0-B, R-O-B) . " 

B. To Prepare P-l-A or P-l-B . 

Follow (A) above, replacing by 1 everywhere, (bottom) 

C. To Prepare P-2-A or P-2-B . 

Follow flow-chart M A M using for R-tape R-l-A or R-l-B, and for 
symbolic tape CS-ICP*. The T and R tapes thus produced may be appropriately 
marked. They include all previous material. The P-tape should be marked 
"P-2-A minus P-l-A" ("or "P-2-B minus P-l-B"). 

To produce a complete P-2-A or P-2-B: load P-l-A (or P-l-B) and 
"P-2-A minus P-l-A" (or "P-2-B minus P-l-B"). (The word "load" means 
place tape in reader and execute the sequence "OGNS* as described in 
flow chart "A".) Now load ACT III B, transfer t© 3000. When light 
glows, type in 14002963 (A) or 46006163 (B) . Set up punch as usual, press 
"START COMPUTE". Punch ".0000000' » manually at end of this tape. 

D. To Prepare P-4-B . 

Follow chart "A" using for R-tape R-l-B, and for symbolic tapes 
CS-ICP, PELL, TRIG, ARTAN, SQRT. The T and R tapes thus produced may be 
appropriately marked. They include all previous material. The P-tape 
should be marked "P~4*B minus P-l-B," 

To produce a complete P-4-B, load P-l-B and "P-4-B minus P-l-B", and 
punch out from 3100 to 6163 usin^ 13.2 or equivalent. Punch ".0000000* " 
manually at end of this tape. 

*N0TE: When assembling CS-ICP assembly wfll stop with the tape only 
partially processed. Push "START" and assembly will continue. 



B. The assembly of S-l will stop before the tape is completely processed. 
Push start to include "randm". 



CHAPTER XI 
THE OVERFLOW LOGIC MODIFICATIONS 



The ACT III system has be©a set up to take advantage of the snaeiai 

A. Nature of the Modifications. 

«~ _, T J® °Q©urrence of an arithmetic overflow in addition, subtraction 

Mt^Ji^ 110 ^ 11 !* ? t0p the *******> ** sets an ^SioTctS liS' 
bit of the C-register) and computation continues. S 

All z instructions with a zero sign bit (»+Z n ) have the saia« 
meaning as on the standard logic board? 

follo5s- aStrUCti0nS " lth a ° ns ia th0 8isa blt (M -"> ar « changed as 

Track address 00: stop (unchanged) 

Track address 01: do nothing if overflow indicator off; 

skip next, instruction and turn indica- 

_ , _ tor off if it is on. 

Track address 04,08,16,32: do nothing if corresponding 

breakpoint switch is up (off); skip 
next instruction if it is down (on). 

B. Overflow Logic and SPAE 

«fc««i. SEAB coata J a ® • test which determines whether the logic board on 

Tall 2 s?TilLlL heing r rfor r d is standard ™ 5««u5. tSUSi 

tltlL^/li^ language may be used so that certain instructions may be 
assembled only on one board, not on the other. ^ y oe 

C. Overflow Logic and the Operating Subroutines. 

assenbled on a standard boaro! the other on a fou^ied boaraf " *" 

runni^ e tfSr f0 ? tat ^^^JS.!!! "* 1 ** *»*« laVolve «*°™ased 

a oo lor met, -, and / routines and inproved accuraoy In + and 

None of the other routines have been ooded in thi. dual nanner. 
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Supplement to ACT III Compiler 

by 
H. «J. Bowlden and R. R. Helms 

The Minimum System 

This system is adequate for most requirements of installations 
possessing a photo-electric reader „ It includes the following tapes: 
A. ACT III A (S)< This is the ACT III translation program, 

described in the attached sheets. 
B ACT III 8. This is the program punch routine; its use is 

described in the manual., 
C ACT III C, This tape is used for, partial compilations. See 

attached sheets , 
D„ P-4-B. This tape contains the subroutines necessary to 

implement all the codes described in the manual. It operates 

on the standard logic board. 
E. T-4-B and T*-4-B. These are the corresponding operation table 

tapes needed for compiling programs which are to use P-4-B. 

Additional Tapes (available on request) 

The following tapes are needed if you: 

do not have a photo-reader, and desire to operate in Mode A; 
or have an overflow logic board, and wish to take full advantage 

of it; 
or need more space for data, and wfch to omit. some of the 

subroutines ; 
or wich to add subroutines to the sy stem. 



A» SPAR A. This is the symbolic assembler, be* described in the 

manual „ 
B. SPAE Bo Th® use of this tape is described in the manual. 
0, R-I-A and R-I-B. These are the initialiser tapes for Mode A 

and Mod® B Assembly. 

D. S-l. This is the symbolic tape containing the floating-point 
arithmetic, input-output, error and trace routines, 

E. CS-ICP, PELL, TRIG, ARTAN, SQRT. These symbolic tapes are 
described in the manual, 

F„ R-4-B, This is the R-tape corresponding to P-4-B. 

Also available, on special request, is the tape ACT III A (H) f 
incorporating the hex-punch routine for option (l) of the flow chart B. 
This takes the place of the symbol table print, special error displays 
for types 2 and 7 errors, and restart features associated with these 
displays. Compilation speed is about 30 per cent slower than with ACT 
III A (S); the advantage for installations without photo-reader lies in 
the elimination of the necessity to load ACT III B and reload the T-tapes, 
when compiling short programs. 

Also available is the tape S-0, the symbolic tape incorporating 
integer input-output, integer arithmetic (except ix and i/) , error and 
trace. This may be of use if you do not wish to use the floating-point 
arithmetic, or if you wish to substitute some other arithmetic mode. 

Special Features of ACT III A (S) 

This tape is a version of the ACT III A translator designed for 
increased compilation sneed and improved facilities for handling partial 
programs and correction of certain source-program errors. 

Symbol Table Print-Out 

After the printing of the statement dictionary (see flow chart B), 
a list of all symbols used is printed, with the machine language aidresses 
assigned to each. In the case of regions, the address corresponds to 
word 0„ Words 1'. 2. etc. are found bv sub trao tine 1. 2. etc.. from this 



address. Reiaesaber that these addresses consist of two digits for track 
and two digits for sector, and that, each track contains 64 sectors. Thus, 
we have the peculiar arithmetic: 2400 - 1 « 2363. 

Special Type 2 aud 7 Error Display 

In the oase of type 2 (storage full) and type 7 (undefined statement 
number) errors, the usual error indication is not given. In its place, the 
following print-out occurs: 

A. For type 2 errors only, a carriage rEtum, and a simulated state- 
ment dictionary entry with statement number zero and address 0000.. 
For tyne 7 errors only, a carriage return, the offending statement 
number, and the machine address of the instruction in which this 
statement is called. If more than one case occurs, they are all 
listed as they are found. 
B„ The f-address, statement dictionary and symbol table as given for 

successful completion of compilation. 
Restarting Compilation After Type 2 or 7 Errors 

If the neces ary corrections can be made to the source program tape, 
or if you can stand by to catch the process and insert the corrections 
manually, the following procedure may be followed. 

Roll the source tape back beyond the correction to the conditional 
stop code before a numbered statement. If a dimension statement is in the 
block thus contained, depress "manual input" on flexowriter, "start compute", 
and (at the read) type in the first symbol named in this dimension state- 
ment, and lift the "manual input" button. If no dimension statement is 
involved, sinrnly press "start compute". 

The compiler will reset and recompile over the previously compiled 
portion. 

It should be noted that often if you are trace-compiling you may over- 
come a storage problem by compiling the last few statements without trace 



(which takes up two words per statement). The above procedure makes 
this easy. 

If you try to restart at a statement number not yet defined, a display 
like that for type 2 error will be repeated. 

In the oase of a type ? error, the portion of the program which is 
not to be recompiled must not contain any references to statement number© 
in the recompiled portion., This restriction does not apply to a type 2 
error. 

If it is necessary to get off the machine after a type 2 or 7 error 
display in order to correct your tape, the following process may be used 
to advantage if an appreciable part, of the program does not need to be 
recompiled. 

A. Load the tape ACT III C, set up the punch and press "start". 

The resulting tape contains a complete record of the compilation,, 
■ as described under the description of ACT III C. 

B. To recompile with this tape, load it as described under ACT III C. 
Then switch to flexowrlter, "manual input", "OCNS". Type in 
.0005642 and press "start compute". Position your program tape 

at the conditional stop before the statement number and follow 
the remainder of the procedure described above. 
Partial Compilations (ACT III C) 

It is often desirable to use a large portion of a program (a long 
procedure, for example) as a common portion of many programs. The 
following method may be used to avoid the need for repeated compilation 
of this common portion. 

Compile the common portion in the usual way» It should end with a 
"wait" code. Place the tape ACT III C in the reader, "OCWS" to load it. 
Prepare the punch and press "start". We shall refer to the resulting tape 
as a C-tape„ It contains the compiled program segment, statement dictionary, 



and symbol table in hex. After it is punched, you may obtain a printed 
statement dictionary and symbol table by disconnecting the punch aid 
pressing "start compute"/ 

To use the O-tape, initiate compilation in the usual way with the 
T-tape (or T*-tape)„ When this tape is in, place the C-tape in the 
reader, and "OGNS" . After the C-tape has been read, place your program 
tape in the flexowriter reader and proceed as for standard compilations. 

Note: A partial program must not go beyond location 2763. 

A vev^ frequently used C-tape may be duplicated onto the end of the 
T-tape by deleting the last code hg character punchad on the T-tape. 
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